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AEROELASTIC TAILORING OF WOVEN CANTILEVERED GLASS-EPOXY 
PLATE-LIKE AIRCRAFT WING 
By 
DAYANG LAILA BT. ABANG HAJI ABDUL MAJID 
June 2008 
Chairman:  Professor ShahNor Basri, PhD 
Faculty    : Faculty of Engineering 
 
The application of uni-directional composites in aeroelastic tailoring has long been 
established due to their highly directional properties. However, the use of woven, bi-
directional textile composite in this area is practically nil due to their lower strength and 
stiffness, although this class of material is generally cheaper and more conforming. 
Therefore, the current work presents a new prospect for this type of material in the 
aeroelastic tailoring of aircraft wings.  
 
The aeroelastic flutter and divergence behaviour of rectangular, woven glass/epoxy 
cantilevered plates with varying amount of bending and torsion stiffness coupling is 
investigated in subsonic flow. To do so, a range of tailored plate configurations with 
various stacking sequence having 6-plies thickness were considered. The ply orientation 
was varied from -450 to 450 to provide the widest range of negative and positive bend-
twist coupling. Test plates without stiffness coupling were first constructed and 
subjected to static and dynamic testing in order to characterize the elastic and dynamic 
 iii
behaviour of the plate. Secondly, tailored configurations with varying stiffness coupling 
were fabricated and tested for flutter in wind tunnel tests. Numerical analyses were also 
conducted using MSc.Nastran structural analysis in conjunction with ZAERO’s flutter 
program to verify the mechanical and dynamic properties as well as predict the 
occurrence of flutter and divergence.   
 
Results from the extensive experimental and computational works had successfully 
shown that flutter speed can be optimized by tailoring the woven composite laminates. It 
was found that the torsional stiffness and bend-twist coupling play a major role in the 
aeroelastic behaviour of the woven laminate as compared to the bending stiffness. The 
bend-twist flutter that occurred was dominated by the torsion mode, thus explained the 
significant effect it has on the flutter speed. The numerical calculations predicted a 37% 
improvement whereas the experimental results are more understated at 29%. This 
improvement is remarkable considering that the configurations are symmetric. Both 
agreed well in terms of the optimized configuration that gave the maximum flutter speed. 
The flutter frequency and flutter mode shape was shown to be highly dependent on the 
coupled structural modes. In addition, divergence occurred when the plate-like wing is 
swept forward.  
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PENYESUAIAN AEROELASTIK UNTUK SAYAP KAPAL TERBANG MIRIP 
PLAT DARI KOMPOSIT KACA-EPOKSI BERTENUN 
Oleh 
DAYANG LAILA BT. ABANG HAJI ABDUL MAJID 
June 2008 
Pengerusi :  Professor ShahNor Basri, PhD 
Fakulti     : Fakulti Kejuruteraan 
 
Aplikasi komposit searah dalam penyesuaian aeroelastik telah lama diketahui 
berdasarkan sifatnya yang amat terarah. Walau bagaimanapun, penggunaan komposit 
kain bertenun dwi-arah dalam bidang ini adalah tidak praktikal memandangkan kekuatan 
dan kekakuannya adalah lebih rendah walaupun ia adalah lebih murah dan senang 
dibentuk. Oleh itu, kajian berikut bertujuan untuk menghasilkan satu prospek baru untuk 
bahan ini dalam bidang penyesuaian aeroelastik sayap kapal terbang.  
 
Perlakuan aeroelastik kibaran dan capahan untuk plat segi empat tepat kaca/epoksi tenun 
berjulur tuas dengan nilai kekakuan hasil gandingan lenturan dan kilasan yang berubah 
telah dikaji untuk aliran subsonik. Untuk melakukannya, julat konfigurasi-konfigurasi 
plat berketebalan 6 lapis yang diubahsuai dari segi jujukan tindanan telah 
dipertimbangkan. Orientasi lapisan telah diubah dari -450 to 450 agar julat terbesar 
gandingan lentur-kilas negatif ke positif boleh dihasilkan. Plat-plat ujikaji tanpa 
gandingan kekakuan telah di bina dan dikenakan ujian statik dan dinamik bagi 
 v
mencirikan perlakuan elastik dan dinamik plat tersebut. Kemudian, plat-plat terubah suai 
dari segi gandingan kekakuan di bina dan diuji untuk kibaran dalam ujian terowong 
angin. Kajian numerikal juga dijalankan menggunakan analisis struktur MSc.Nastran 
berserta program kibaran ZAERO untuk memastikan sifat mekanik dan dinamik serta 
meramal kejadian kibaran dan capahan. 
 
Keputusan dari eksperimen dan komputasi telah berjaya menunjukkan penyesuaian 
aeroelastik sayap kapal terbang menggunakan komposit bertenun adalah tidak mustahil 
terutamanya untuk kapal terbang berhalaju rendah. Didapati kekakuan kilasan dan 
gandingan lentur-kilas lebih memainkan peranan utama dalam mencirikan perlakuan 
aeroelastik laminat bertenun jika dibandingkan dengan kekakuan lenturan. Kibaran 
lentur-kilas yang terjadi didominasi oleh mod kilas, sebab itu kesannya tinggi terhadap 
halaju kibaran. Kiraan numerikal meramalkan pembaikan 37% manakala keputusan 
eksperimen adalah lebih rendah pada 29%. Pembaikan ini adalah menakjubkan 
memandangkan konfigurasi telah dikekalkan simetri. Kedua-dua keputusan telah 
memberikan konfigurasi optimum yang sama yang akan menghasilkan halaju kibaran 
maksima. Frekuensi kibaran dan mod kibaran amat bergantung kepada mod-mod yang 
berganding. Selain itu, capahan berlaku apabila sayap mirip plat ini adalah sapu ke 
depan.  
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CHAPTER 1 
INTRODUCTION 
 
1.1 Introduction 
 
Aeroelastic instabilities are an important factor in the design of modern, flexible aircraft 
structures. At high speeds, these instabilities can exceed beyond the structural stiffness 
of the material resulting in structural failure. The current trend is toward the creative and 
innovative use of composite to delay these instabilities. On aircraft wings in particular, it 
will bend and twist due to the structure’s interaction with the wing lift. Wing bending 
and twist will in turn change the local incidence of the wing and change the load 
distribution and stresses. The degree of load redistribution will depend on flight speed, 
altitude and sweep angle [1].  
 
Two common types of aeroelastic effects that are widely researched into are flutter and 
divergence. At a critical speed called the divergence speed, the twisting motion may 
simply diverge and cause structural failure of the wing. This is a static instability. If 
there is coupling between the bending and twisting motion, then flutter occurs, which is 
a sustained harmonic oscillation. Both will render the aircraft unstable and may result in 
catastrophic failure. Other types of aeroelastic instabilities include buffeting and 
dynamic response, which are dynamic in nature while static instabilities are such as 
control effectiveness and aileron reversal.   
 
